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Rocent studies of rocombination in E, eoli (17) heve led o tue
diseovery of a compatibility mechanism (15), a lysogenic zystem subject
tc genetic control (16}, and a systenm of limited transduction by temperate
phage {22) comparable to that of Salmonella (28). These three phenomena
involve transfer of heritable fectors by infection in contrast to bacterial
mating which involves the entire geéotypee The clarification, differeniiation,
ard igﬁerrelationshipa of these mechanisms were emphasized in this in-
vestlgation,

I The LYSOGENIC SYSTEM IN E. COLI K~12

The relationship of a temperate phage, A, to a specific locus,

Lp;, (latent phage) has already been reported (10), In swmary, the prin-
eipal reactlon types of bacterlal strains are: sensitive (Lps), lysogenic
(Ip*), ard the non-lysogenic resistant type, Immne-I (Lp*). In crosses
they behave as a system of mmliiple alleles, linked most closely with
Galy. This linkage has been confirmed in a Gal® Lp” x Gal™ Lp® cross

in amother Laboratory (27). In addition, the two factors segregated out
of heterozygous dipleoids in the parentcl coupling. This evidence points,

therefore, to a genic determinant regulating the maintenance of )\proviruso
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From 2 numbzee of direct and iwdirect experiments 1t is known that all

these types adsorb /\. A specond locus, Lpg, conirols resistance or sen-
sitivity to =2, 2 virulent Amutant, and is situated in the Maly--S region
of the chromosome. | As Lpzr strains cammot adsorb }\, they are therefore

not subject to any consequences whose initial reaction requires adsorptions
Lp2 does nct interfere with the ma:mtenance of ipreviously established

in Lp* strains, The genotype LpSLpoT is consequently indistinguishable
from LpTLp,3 types with respect to lytic effect of )., Cross-reactions of

)\with A-z antiserum have bheen observed,

New Data on Immune-lt The status of the various isolates of immune-1
strains has been reporited, and the interpretation of their conatitution with
respect to prophage had been reserved pending evidence of a "eryptolysogenich
phage that normally fails to mature to give rise to lytic virus, The
segregation patiera of Gal"'Lp"'/Galh“’Lpr diploids, alsoc heterozygous for
M1 and Mal; (table 7 ) is identical with similar Lp /Lp® results, The
hypethesis that Lpr types may carry a rnon-reproducing prophage is supported
by experiments in which a low titer of ,‘\was recovered by U-V induction of

at least one (22)., Lp~ types are also subject o transduction, and the

results of these studies will be deferred to that szection.
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Incidental Vaprdont Qypess: Ho vew evidencs bDearins on the problsm on

the V"semilysogenic® strain (10) can be presented, Tests to determine
whethsr host-modified Xwas carried (section III) were negative,
An intermediate bost reaction, semiresigtant to both kand X«?,

comparable to the one in Shigella varadysentesriae (26) and the le allele

of K-12 (11) haé been clarifMed, Standard A suspengions have a reduced
efficiency of plating {eop) on thic mutant such that the plaques produced
are reduced in size and mumber, and also show a reduced efficiency of
transduction. The mutanis have been successfully lysogenized, but are
sﬁill semiresistant 'bok—?. The protocols for crosses which establish

a mutation at a new Lp3 locus not linked to Lp,-Hal or Lpl - Gal, and
conferring partial resistence to l, ave presented in table 13,

Mschanism of infection; Mutation and Selection vs. Induction: Breeding

experinents and diploid segregations reveal only the chromosomal determi-
nant of lysogenicity. The facility of the change Lps to Lp“‘ encourages
the possibility that Adirect.ly induces (rather than selecis) Lp+ among
the mmerous survivors of exposurs to phage. i'he following types of
evidence would be ugeful inv elucidating the primary infection process:

(1) identification of & "prelysogenic® genotype in the absence of phags



wenld encourage the mubation hypothesig, It weuld be cheracterized ags
an apparent immune-1 that would be converted to a stable lysogenic afier
treatment with . (2) a careful study of the dynamics of infection, ine
cluding the lsolation of clonal pedigrees of single cells exposed to )\
which engender lysogenics. A pure lysogenic pedigree would favor the
induction hypothesis.

Attempts to identlify the prelysogenic genotype in K~12, and hybrids

of K~12 and other crosseble lines have been unsuccessful. Preliminary

oxperiments of the infection process (10) have disclosed lysogenic colonies

contaninated wilth sensitive cells and free phage long after initial cone
tact with )u, These mixed clones have since been confirmed in K-12 (18)
and Saluonella (14,21,23B), The possibility that spontaneous alteraticn

of the bacleria predisposing to a lysogenic decision plays some role in

the recovery of lysogenics is thus not yei excluded. However, the simplest

conceptlon remains that the genetlc clements of the phage are directly

incorporated in, or attached to the bacterial chromosome as we have been

able to find no indication of an extra-nuclear inheritance of lysogenicity.

The Bffsct _g_:g&_ and P on Crossing Behavior: The presence of )\ in

one, both, or neither of the parents of a cross does not influence the

vield of recombinants. 4z noted ecrlier (8) eensitives were not eliminated

o



as lethsl phenolypes, bub the progeny of lysogenic X sensitive included
both parental types; and no others, in ratios dependent on the selected
awrotroph markers. On the other hand, the compatibility factor (F)
determines not only the yleld but also the segregation pattern of many
overtly unselected markers. Prototrophs are recovered only when at least
one parent is F; F also seems to diréct the elimination of certain chro-
mogomal segments after the formation ofr the hybrid zygote (15,23). The
important distinctions of F and )\a.re surmarized in table 1 , These

are emphasized to mitigate any confusion that might arise from the
suggestions that have been recorded elsewhere that Xmay play a direct
role in sexual recombination as well as to emphasize the distinction bee
tween the )\ controlled transduction of restricted genetic factors and the
Facontrolled sexual recombination. The independent transmission of these
factors was demonstrated by the recovery of (1) F"’I.-ps cells on the one

-

hand, and F"’Lp+ on the other, from mixturcs of genetically labelled

FLp® and FIp*, and similarly, (2) Lp*F™ (but no Lp®F" or Lp'F*) as sur-

vivors from I""'LpB exposed o )@containing filtrates from F*Lp'} cultures,

N
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IT TRANSDUCTION

Cell-free filtrates derlved from sulitable Salmonella strains were
capable of tramsferring unit genetic factors to a competent recipient (28).
A wilde range of irdependent markers has been equelly subject to transduction,
Additional analysies has shown that the temperate phage of the donor strain
is the vector of the gemetic material (16,25), Attempts to detect transe
Guction in K12 among the survivors in the turbid centers of A plaques
were negative (10); but by using high-titer lysates obtained by U~V
induction (20), a successful transduction was achieved (22). Two striking
contrasts with the Szlmonella system were demonstrated: (1) the reastriction
to a single genetic character, galactose fermentation, and (2) a striking
instability menifested by mosaic Gal®/Gal™ colonies after transduction
despite repeated single colony purification on EMB galactose agar,
The incidence of persistent instability, rarely if ever encountered
in Salmonella (L), varies with the reciplent strain,

Ccnfounding_of Transduction with Recombination ?: The conditions

raquired for transductlion are gensvally pmcluded in crossing experiments,
Moreover, the unstable mosaic Gal®/Gal™ colony characteristic of transe

duction has not been so far vrecovered among recombinant progeny. A
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more careful inquiry into the effect of k and Gal segregation was recessary,
however, in view of the transduction phenomenon, since it may provide an
alternative interpretation of the Gal-Lp cosegregation ratios currently
satisfied by a linkage explanation., Crosses of genetically related parents
differing only in the preseace or sbsence of kwere therefore studied,

Table 2 demonstrates no significant deviation in the yleld of Ga1+ ree
combinants where parents vary only for the Lp marker,

Is Transduction a Selection Artefact?: Interaction of genetic

factors on reverse mutation of entlirely independent locl have been re-
ported before ( 15). An analysis of the Gal- segregation from the une
stable transduction, the allelic transduction, reported below, as well
a3 many other types of evidence (22) rule out the interpretation that
the transduction is a selection artefact. The most convincing evidence,
howsver, has been the development of specific Gal®™ transductions in Gal+
recipient strains by msans of /l with exireordinary high frequency of
transduction (22), when the A donor was Ga}";

Trangduction and Fetransfer: Just as lysogenization is independent

of the conversion of F~ into F* atrains, the transduction mediated by )_

is vnrelated to the F status of either the recipient or the domor cells,
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Crosses of F~ x F7 by standard techniques are completely sterile, Howe
ever, recombination of two nonallelic Gal™ mutante can be indirectly dem-
onstrated by transduction. Lysates from Isp+Gal+F" were completely
functional in introducing the Gal® factor to Gal™F~ cells, Similarly,
norallelicn of two Gal F strains can be established by the formation
of Gal' in transduction experiments whereas the sexual sterility of the
cross would bleck cell recombination in m,

Crosse_s of a sirain characterized by its enhanced fertility, Hfr,
(15) displayed a lixﬁcage of the Hfr ‘fcrait to Gal (12). Theee data were
verified (table 3 ) for Cal”p, Despite this linkage, efforts to trans-
port the Hfy and Ga1" factors simltanecnsly into Gal‘F"Lps recipient
cells via )\prepared from Hfr bacteria were unsuccessful. The conversion
of F* to F¥ vy Xfiltrai;es from F' gtrains was examined by crossing the
Cal* transduction with F™ tester strains and was likewise unsuccessful.
The competence of )_\in transduction therefore contimues to be confined
to the Gal cluster,

The Concurrence of Transduction and Lysogenization: Observations

on the E, coll system, as in Salmonella; are consistent with the hypoihesis

that the vector of transduction consisis of temperate phage. As a rule,



the teemoduetions isolated from Gal~Ip® bacteﬁ? ezposed to /\ are con-
sigtently pure, stable lysogenics, despite the persistent instability of
the Gal® twvalt; the ensuing Gal- segrogants are also lysogenic. Lyso-
gerlzation occurs very much more frequently than transduction, but the
correlation of the two remained to be explored as evidence bearing on
the bypothesis. In the first experiment (table b , part A) transductions
were picked as ga)” papillce and sireaked out on EMB galactose agar. A
single Gal” (representing non~transinduced cells) and a single Gal’

{the successfal transduciion) were each itested for lysogenicity on an
appropriate Lps indicator, In experiment B; marked Galprs cells in

the approximate proporilons expecied from transductlon were introduced
with the Gal™ and the mixed culture on EMB galactose plates, With the
assumpticn that both Lp® strains would adsorb and be equally affected
bx)\g a disparity in lysogenizations of the two ensuing Gal* classes

was looked for. ﬁhareas 211l of the transduction Gal® were lysogenized,
only up to T0F of the artifically inserted Gal® or of the original CGal™
hed besn infected, Both parts of the experiment show a distinct corre-
lation of lysogenization with transduction; the incidence of lysogenization

ig almost higher in these than in the control. bacteria on the same plates.
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Scgregation of lysogenle sensitive has not so far been observed (up to
500 tests) from these simultaneously transduced and lysogenized recipients.
This evidence argues that kis the passive vector of genetic material from
its source strain, Thls materiel is injected to the bacterium by the phage,
Tn Salmonells the transduced gonetic factors seem to undergo an immediate
substitution for the homologues in the recipient baclerium, if they are
suceessful ab all., In E, coll K-12, however, an Intermediate stage is
perceived where one can detect simultanecusly the presence of the original
recipient and the new transduced genetic factors in the same cells by virtwe
of thelr subsequent segregation, The relationship between this replacement
of gerctic materisl end the coaversion of virulent )\ini:«o its prophage
gtage ("reduction” 6) has not yet been completely worked out, As will be
| degcribed below, howsver, these processes have been separated and are
therefore not mutually dependent,

Lysogenization of Immmne-l in Transduction Experiments: When Immune-l

strains such as W-1027 and W-192) sre exposed to A\, no evidence of their
lysogenization 1s ordinarily perceived., However, under conditions where

transductions can be selectively isolated about 5% of these altsred bacteria



are also found to have beuen lysogenized, Repeated serial segregétion

of the resulting transductions showed that in some cases, lysogenicity
failed to segregate., In others, lysogenicity and Gal segregste hogether,
while in 2 single instance a lysogenic Gal” segregant was found which cone
timed to segregate Lpr colonies, OSometimes a very weak lysogenicity is
observed ("one~plaque ﬁypes“ ;p caosg»brush tests), gh{ch is complg&gly
lost after a2 few transfers. CSome of these atypical cases are presented
in table 5, and suggest the following altermative interpretaticns:

(1) Lpr cells are genetlically lysogenic bub carry a modified prophage.
Theze cells are gensrally resistant to infecticn with,la However, ,*\
may be exceptionally introduced simultaneously with the Gal® fraément
and there may displace the avirulent form of the prophage, or when

Lp segrogation ls obgerved, both prophages persist together for the

time being. (2) The Lpr is 2 "mall" allele, In transduction, Lp*

and Gal® factors are introduced; but the lysogenic/{mmune segregation
occurs when Gal segregates; This hypothesis can not account easgily for
the 021 Lp'/~ types except by devising a complicated scheme involviné
crossingover., (3) Dmunes may or may not be genetically lysogenic,

The prnduction of Lp+ signifies the occurrence of a double transduction

at two leci, Gal and Lp. (a) ordinarily these linked factors would tend



Lo be losbt as a bleck in the ensuing segrasation, or (B) a linked france
ductiocn does not operate. By a two-step process, two effective particles
have penetrated; one fregment carries Gal®, the other Lp*, Independent
gegregation 18 permitied and a2 mechanism requiring the breakage of a 2-
factor linked frasment as in (2) is not called for,

In any event, spscial assumptioné must be made on the avidity of
the Lpa locus for pro~)\ to account for the failure of transductions to
1p° to segregate Lp'/Lp°® along with Gal*/Gal™., Howsver, the Lp® may
only block the propegation of }\or its reduction to pro~)@

Hypothesis (1) accounts for the occurrence of immunes which can
be induced by U-V {22). The recovery of unstable Lp' transductions in
non~transinduced Gal- would tend to support hypothesis 3. The most
decizive elucldation of whether transduction displaces a mutant phage
particle with a wild type )~or whether a normal Lp+ allele is substituted
for a mtant or mill host Lpr gene would be provided by experiments with
geretically distinguishable‘)\preparationsa Lpr)Lps transductions were
prominent with irradiated,kg tending to support hypothesis 2;

Irradiation effects: Quantitative agsays of transduelng potentiality

cf phage prepavation are necessarily based on plague counts. The survival
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after varions treatwents of plamma-~prodncing particles and transducing
particles are not identical either in Salmonella (28) or K-12 (22),

In fact, it is known from both studies that transducing power may be
increased at some iﬂtermediate dosages. A comparison of the effects of
U.¥V and X¥-radiation is given in table6, A U-V dese reducing plaque

1
asgay from 1/2 x 10™0 4o 16.9 x 105

per nl yielded 170 transductions
from an injitial titer of 103 / ml., A comparable X-ray dose was found
to be between 150,000 end 200,000 », No recognizable transductions were
recoverad at the latter exposure, Two vieupolnits are indicated:

(1) the lytic and transducing principles in )\are separeble by their
independent survivel, and (2) avirulent A particles are produced but
they are damaged only to the extent of virmlence for the host cell,
Conclusive evidence favoring one or the other views of Lpr, houwever,

is not yet aﬁ hénd; A decisive chemical and genetic separation of the

transducing material from the virus particle has not yet been experi-

mentally schieved, whether or not it is at all theoretically possible.

GERETIC DEFIMITON OF TEE GAL LOCI

Recombination: Attsntion was focused on galactose nonfermenting

mutants because of the colncidence of the first recognized )\usensitive



matant in Gal"'h (i{«SlB) , and the subsequent observation of linked
gegregation of Lp and Galh (10). Gal® mmtants have been isolated
directly by inspection of surviving colonies after UV {reatment on EMB
galactose agar and also as nonwpapillating variants of Lac”™ mutabile
recovered on EMB lactose agar plates. Interaction of Gal™ and Gal*

on the phenotypic expression and reverse mutation of Lacy and Lae7 alleles
h;ave been described (9). Recombination analysis provided the evidence for
a cluster of four linked Gal loci (7). Galy and Gal), show a very low
order of crossovers. Preliminary data could only differentiate them

on the basis of behavior in Het crossezj Lp and Galy are both hemizygous,

while Galf/&al{ heterozygous diploids are readily obtained (table 7 ),

Iransduction: Transduction tests reinforce standard allelism tests

(table 8), axd in fact have tentativelj identified several new loci,
now awaiting confirmation by recombination analysls. Whether the
relative yield of Gal® transductions is proportionsl to the map dis-
tance between Lp and the Gal locus is in question. The results of
large-scale allelism tests made available to date by new techniques

to facilitate crossing are summarized in table 9,

(1)
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The instabilily chavacteristic of the Ca1l” transduchion resulte
in the mosaic colony already noted and deserves further comment.
Despite passage through a large number of serial single colonies, CGal-
segregants are almost alweys thrown off, In transductions from Gal+,
i.e, Gal+ ~x Gal”, these Gal” segregants have been identified as alleles
of the locus of the originel vecipient strain, both by crossing and further
transduction tests, No othsr ldinds of Gal have been recoversd, On the
other hand, if the donor is a non-allelic Gal”™, both donor and recipient
Cal™ appear among the segregents from the Gal® transduction (22), For
example, Ga12“ e Galh“ gives galactose~fermenting intermediates,
presumably of the constitution Ga12°3a1h+/Ga12+Ga1hf° The segregants
in all these tests are identified by (1) crossing experiments with Gal,”
and Galh' testers, (2) dariving‘)yand subjecting the testers to its
action, and (3) applying Afrom al®, Gal,”, Gal)", ote. The Gal,”
Galh“, a crossover type, has not been conclusively and consisztently
established, This double mutant would be identified as one which is
subject to transduction by A from Gal® aud from any Gal® other than
Galy” or Gal),”, and would yield no Gal™ recombinants in crosses with

Galz“ and Galh“ tegsters,
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Diploid ctudies: The preceding evidence points to a chromoscmal

locelization of the Lp lysogenicity determinant closely linked to a series
of Gal loci. Evidence for the segregation of a prophage linked to the Galh
locus ruled out the possibility of a random distribution of cytoplasmic
particles in cells carrying k(lO)a These observations have since been
extonded to Galp and Gal) hybrids (a2 heterozygous Lp+/s), and also
Galh’}Lp"'/Galh"Lpr diploids {table 10), A study of such diploids segregating
ocut distinguishable ;{ty‘pes is in preparaticn, Preliminary evidence also
hag been obtained elsswhere from crosses with lysogenic parents, one
carrying a mutant A (or one "doubly lysogenic®) the other doubly
gensitive, which ylelded Gal/Lp progeny in parental couplings (1).

The mutational independence of Gal and ILp was also examined in
the doubly homozygous diploid, Comparable eéxperiments with the closely-
Lacl and Y¢ loci have already been reported. Lac’ reversions were selected
in Lac~Vg¥/Lac~V48 diploids. The resulting doubly heterozygous diploids
were of two types: Lac""%r/Lac"Véé and Lac“Yér/Lac"’Vés, and with equal
frequency (11).

A double homozygote Galz”Lps/Galz“Lpss also segregating a few other

markers, (and unfortunately also Lpe) was prepared by stepwise ezposure of



tvhe double heterozygote o U~V (1)) and the isolation of suitable
“reorganized" diploids., The resulting diploid, H~331 was infected

ith }\, Several Gal{Lf/Gal{Lps isolations, A to G, were then allowed
to papillate on EMS galactose agar. Indeperndently cccurring Gal’ were
gelected, and the segregation pattern of Lp and CGal, of the resulting
double heterozygotes was tested, The incidence of mutét,ion to Ga1t

on the Lp* chromosome (coupling phase, or cis configuration) was come
pared with that on the Ip® chome (repulsion phase, or trans-
configuration). The amalysis included a single Ga1+ and a single Gala
segregant from a large mumber of diploids, (pair analysis) and the
exan;inatiqn of mary segregants from a single mass diploid culture (random
analysis). From diploid B, 5 cis configurations and 6 trans configurations

(table 11)

were scored. The conclusion from this evidence/is that the condition of
the Lp locus, whether lysogenic or sensitive, has no significant bearing
on which one of ihe 2 Ga1" alleles will mutate to Gal*; (These pre-
liminary data will be expanded, and also extended to a corresponding

study of diploids first made heterouygous Oal, Lp®/Gal,’Lp®, and then

infected with )\,)
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Tre gbove studies provide Wwo kinds of Ip ’/L@s_.; Gal /Gal” diploids:

)\ coupled on the ome hand with Gal’ {cis) and om the other, with Ga.‘z

(18)

{trans)

If the activity of vom Thrane® bocteris ig confined o non Calg recipient
eolls, a chromosoral bub nob muclser Limitation to }\si ecificily is indlcuted,

.

AXY CGal” ducleding Gel,” ins cxpected to respond to eis /{. A diffevence in )\

from thege diplolds which ave phenotypiceally identlcal; and geretically
identical cxcept for the arrangement of copponent parts established a
Ypogition effect. So fapr, only }\frcm the trans-type diploid has bee

Drepsred. Teble ouz that while Cralh \Gala Gq‘i 3, “) e2lls are subject

ol - '}' A
to wransduction, only rare Galg transductions were recovered, The develop-

2 e
ment of an adequate diplold culture to satisfy the mutzritionsl prerequist
for U-V indocbion in K-12 (3 5) and an intersediate growth period nec-
esgarily pern .,r.:s some selection for haploid sagregants, The yield of )\
obtained very probably includes a Yimitced portion derived from Galz“Isp*
&nd Ga‘!.2 Lp Z.ap'toids. The latter ecroszover tyres may account for thoss
transductions which were found, The date so far allow the tentative con~
clugion of a posltion éffect hypothesis and strengthen the concent of an

intimote relabtlonship of )«\and Gel ot a specific actien site on the

- P

- (11 NV, SR . S, [TV - 3 3 - o mn %
chromogone, Tronsduebtions of the double howowypote 331 and lvecronic

ol L&)



devivabives hos oppavenily been obtained, The apalysis ls complicated
by the fact that diploid-haploid instability ean be confounded with transe
ducticn ingtabllity.
COMPARATIVE CENNTICS OF Lp AMD Gal IN OTHER LINES

Among the indepondently lsolated crossable strains of E, coli (12)
the wild type of three limes (28,47, and 5S1) were sensitive to )\carried
by line 1, A fourth, line 31, threw off rough variants which wers all
)\ szaﬁsiﬁivea These strains occurred in natare as F~ bub could be
altered to B by growbh with K-12 or sultable derivatives. So far;
at least owsz Gal” mmbanl is svbject to transduction, Preliminary intra-
line-L7 crosses established an Lp locus 1like thai of K12, and a Gal-Lp
linkags, Very little mapping work has tecn completed among these strain,
and the cmphasis go far in these studies has been bhe genetic behavior
of /\:i.n outerosses with E<l2,

Sensitives of ecach Lline ave veadily lysogem‘;zed by K~12 Abu’o
these lysogsnics show o reduction of 20p on K~12 gensitive indicators,
This system is entirely analagous to host modification demonsirated for
2 (19) and )\produced by strain C (2). The terminology established

for these gystems will be used to describs the propsrties of cur strains,

{19)
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Thms Lines 28,31, and h7 csn be designated as )\% lysogenic or );;21" gensitlve.
Lire 1 sensitives are more resistant o k’% than to type )\. k‘- can be
Cintreduced at low rates into }\sensitive hosts, bul normal rather than
){2% i8 recovered, Similarly, normal /{is converted tokn‘ after a single

» | 2 a2 . 2 11y y -
passage in Aﬂ» sengltive nosts. Yhe four phenctypes are readily dis-
tinguishable in cross-brugh tests as followss

Reaction with:

~36n8, )\*-sena.
c B
Exsmple Type bacteria bacteria }x }(’*
line 1 lysogenic A * + R R
line L7 sensitive B - - g 5
linz 1 sensitive H - - S R
line 47 1lysogenic D - + R R

+/~ = lygogenic or not; R/S = resistant or censitive
Tiwo major hypothsses ean be tested by intercrossing thess types:
I Lp controls oll reactions: the types A-D are determined at a
single locus.
T Ip controls lysogenicity/ sensitivity; another locus, Mp, controls
resigtance or seﬂsi‘bivity to )\*o
(a) Both )\mzd /\% are fixed at Lp in phenotypes A and D,

(v) /\is fixed at Lp in type 43 )\* ig fixed at Mp in type D,



(21)
Ihe consegquences of these hypotheses are showm in teble 12, The critiecal
CYosses fér I and IT are A x B and C x D, The only decisive eross for II a
vs. Ll b is A x D, IT b wonld be favored by the recovery of sensitive
recombinants as well as a novel genoiype whose phenotypic effects are
wapredictable. Since there iz 2 possibility that Lp and Mp are closely
linked a large sampls of progeny n."m, ba required, One musb bear in mind,
in revieuing thege intercross data that the prototrophs represent recom-
binevion of a8 yel unmapped mitritional factors. In addition, chromosoms
and other irregvlarities corvelated with intersirzain hybrids» have not
been analysed,

Effective transductions have been achieved in these strains. Cal-
in Jines L7 and 31 have been used as recipienis, for A produced by line
1, 28, 31, avd h7. A reduction in the effectiveness of transduction to
line 1 reciplents is parallel with the reduced effectiveness of lyeo-
gerdzation., In gensral no important differences with the Kw1? mechanism
have been demonsirated. Hypothesis II b is doubtful.so far. The dif-
ferentiation of the \# of different limes is still to be tested, A
single intercross shows no genetic difference so far,

In preparing this report, it has been necessary to make numerous
references to the unpublished work carried on in this laboratory by

Professor J, Lederberg, Mr. ¥, L. Morse, and others, under other asuspices.
These ave clted by mmbsy Lo the bibliography.



Table 1

Chavacteristics of F (compatibility factor) and Alvirus)

Criterion F status A (effects)
(1) Tiedd of vecombinants Decisive Nons
(2) Type of recombinanie Decisive None
(3) Tresemission to recombinanths 100% Segregated according to linkage with
' selected mutritional markers; behaves
as 2 genetice locus,

{}i) Transmicsion by infection Rapid and Results in mixed clones (3).

fized
(¥) Celd-free preparations Not yoib Easily filtered.

accomplished
(6) Effect of antiserum Slight if Blocks adscrption

any
{7) Role in Gal® transcuction None Decisive

Table 2
The Effect of Aon % Gal” Progeny e
T e
VN
L T~L~Th-Gal* pavent = '
¥ Gal Parent bid Iavsogepj_c g,e,.ﬂg\‘i«{t mum
P hsogenic 8.0 7.1 \ e
immune . 6.3 6.3
sensitive 6.7 10.1



Linkage of Gal, Lp, and Hfr

Table

3

W-1895 % W-2308

Part A: Genotypes recoverads- Total
Gal Ip ¥
* + 1 =
+ 5 4+ 5
L - [ o
+ 8 - h
- ¢ o
Fart By 2 » 2 contingencies
Gal® Gal” Total F¥ F"  Total
F* 20% ) 20
o 9 A Lo
ipt 15% 0 15 13 5 18
Ip® u 204 ko 6 33#% 39
Lac*® 26 5 kA 2% 9 31
Lac™ i 26 30 7 o 3L
ks 13 9 10 1w 9 10
V18 28 213 L9 23 20 L3
Iyly” 9 1 10 T 2 9
Iyls 20 30 50 16 T 23

# Peorentel combination .
1 Selected as Gal* and Gal™ prototrophs,



Table k'

Lysogenization in Transduced and Nontransduced Lps

Part A: Gal* and Gal™ from single papillae

Gal® /Gal™ | .
Pair type Humber Gai~ Lp® Gal*® Lp*
Lp*/Lp* 13 Gal” Lp® 2 3
Lp"'/LpB 15

Lp?/Lp* 3 Gal* Lp* 17 13
Lp®/Lp® 2

Lp®/Lp® 2

% Galt sensitive 15.2
% Gal- sensitive 47.2
Part Bt Lysogenization of Yransduced and inseried Gal”

o Av, Ho, Gal' recoversd '
Lp” gtrains Control. Treatedt Iypes in mixture No. tested % lysogenic

Gal'Lac® 109 92 Gol™Lac” (inserie) L6 68,5

Cal~Lac” 13k h32 Gal Lac” (originsl) Lo 72.5

Mixinrein 106.5 419 Gal'Lac~ (transduciions) 103 © 100,
109 \,

#+  Spontancous reversions per ].C)ﬁ inccuinm
#pe 105 Gal~Lac~ and 109 Gal'Lac*



Table §

Transductions to Galh" Immine-Is Segregation Patterns

Exp, 385t Strain 19215,:},_27' G_é.l*

Number lysogenic

Number semilysogenic _

Number nonlysogenic

(hs) (semi) (non)
1
Colony generation #ﬂ; #7 #1
1 CGal” non ¢t 19 Gal” lys t } Gadl™ 1ys . 18 nod 1 Gal” semi 1 Gal semi 18
L ' (Gant , and Gal
/ and Gal™) : \ - 2 Gal* 1ye non
. : _ 2 Gal non
1T Cal” non ¢t Gal™lys : Gal™ non Gal™lys ‘ 2 Gal* 2 Gal” 19\}ia1* 19 Gal” non
1lys non . non
111 Gal’lys Gal"mon L3 lys 3 non 1 semi
v 1rs non
v 1lys non non
2\
VI lya non

Fup, W31t Strain 2130: 38 Gal*: 28 nom,

Segregation patterns
of lys

1 gemi (#23), and 9 1ys

211 Ga1”® lys, all Gal”™ non: 2
all CGel™ lys, all Gal= lys: &
all Gal* lys, Gal™ lys and non 2
both Gal™ and Gal™ non: #23



Table

Survivael and Transduction wilth Trradiated }\

Untreated
Vo phage  phage

X-rayz (z 103 r)
gt 50 100 150 200

G

Ay, plaques/rl = 107 0 127,000 16.9 n,667 3,975 377 100
% curvival - 100  0.013 328  3.13 0.297 0.008
Lp® bacteria

Ho. Gal papillac 20 1,000 170 250 85 20 30

A o G.5 100 34 25 17 é 6
Lpr bactoria
No. Gal” popiilee 39 60 - 135 18 3 2

%o i 4

225 191.7 5.2 3.3

20 minutss, sterilawp

2 103 pfmin, at 290 K.V., courtesy 4. Novick, Radicbiology Inst.,

J. of Chicago.



Table T

~ oy oy e "2 T S BB
Segregation of CGal, Lp,... diploids

Loy

A, Ha32] B, He32Y
Segregation of Lpp, By, not Segregation of Vg, Htl, Lps, By not
teblated. tabulated.,

P
=
g

[

Galeg- Calg* Lp Iyl M T.L Galy- Galq+

kg

ot

1 u7 s+ e -

o o o
aed
A 2
A
‘.\
R
LS

G O P QO

c O O o o

=
(] o O
N
$
i
KN

no

13

v w w U
<
@
&
]
o
-

o Q (& (e O ol
a
+
ES
L
o} . T -~ 2 hJ
-3
QO O O O O += O

Cc wn

3

50 50 Total tested 51




Table 8

Alislic Specificity of the Gal = AIransduction at the

Gal 1, Gal 2, snd Gal L loci.

A”‘ donor bacteria Recipient cells
Gal 1 Gal 2 Gal | L2ty 1+2-L+ 1+24)-

+ + + + + *

- + + - + +

X - + + - +

+ + - + + -
diploidss .

- . - ;‘is 2 s(ar + (3000

(trans)
* + + Lp*
" " P {cis) No data

# Gal + papillae per 109 L



Table 9

Summmary of Current Allelism Tests

Totalit  No, +
Zxp, No, Gal™ type F~ psrent T parent progeny Gal®  Maxim, % Gal+

535% 1x)h W.750 Lp* W.223) Lp® 5000 17 0.3
563 2000 15 0.75
53 oxh W-1210 Lp* W.223} Lp® 6000 25 0.kt
563 1600 1 0,68
580 2400 8 0e3
535 hx3 WeS18 Lp® We2315 Lp* 807 6 0.Th
582 hx? W-518 LpS  W.2315 Lp® 5000 0 0
6700 5 0.06
5823 1x? W-2291 Lp® W.583 Lp* 7603 2 0,026

* a1l Ga1+ recombinants in these experiments are Lpso
#2Estimated total,



Table 10
Behavior of Gal and Lp in Lac +/= Diploids

Parents Diploid progeny
Type of cross F (TLTh) ¥ Lacg Lac) Caly Gal) Lp Gal Lp
1. Het diploids  (a)(Het) + - + 4 * + + + +/= +/s or /o Y5/
-3 » - o + + - 8
(b)(Het) + - + + + + + + A :
M : vl . ’ : : +fe or «/ not segregating
- 3 - s < o+ < - + L
2, Lacl- x lagy= (a) . Tttt estiy e Mostly +/ 2
(v) + - + + - + + + . 2
. + R . . - s Mostly ~/ Mostly s/ 2
3, Haploid x auxo- (a) Y /e tf= [« <f+ +  +fs /o Gal* Lp* / Gal-Lp® (linked) 3/
trophic diploid + + - - + + - 8
(b) same, except M« parent is Lp* Gal* Lp® / Gal-Lp® (1linked)

1/ In Het crosses, Lp does not segregate. Gal 1 and Gal L, two closely linked loci also differs Gal ) segregates,
~ but Gal 1 does not, .

3,/ Diploids resulting from delayed disjunction revealed by heterozygotes of two Lac pseudoalleles show no segregation
of Gal or Lp. Reversal of F status reverses the polarity of the Gal, Lp segregation.

__’§/ The only successful demonstration of heteroszygosity of Gal and Lp,
b/ asration phenocopy.

B/ +/< indicates purity for +, whother hemizygous or homozygous,



Table 11

Segregation Patterns of Osl” Reversions in Gal “Lp®/Gal Lp® Diploids

2 2
Diploid  Total + - Ga1¥ - + - Inferred
nurbey Begre- Eal fal al Gal ial Gfl type of
gants  Lp® Lp® Lp® Lp® Ip,® Lp,® Lp,S Lp,® Mal® Mal™ HMal® Mal™  diploid
Al 161 76 6 3 76 1 0 39 0 1 53 17 36 cis
B i 12 2 88 60 1 52 8 60 p 38 22 61 0 trans
B2 73 0 Lo Y 0 32 7 k) ! 0 33 7 33 0 trans
B 3 76 61 b 1 10 65 0 57 5 65 0 by 18 cis
) L8 1 23 244 o 23 1 2k 0 9 15 2k 0 trans
E1 60 30 0 3 27 26 L 2 é 30 ) 16 1 cis
E 2 2h 0O 12 12 o 12 0 2 0 6 6 12 o} trans
E 3 23 12 0 0 1 12 0 1 0 12 0 3 8 cis
P 66 32 1 2 3 3 2 30 3 32 1 a2 12 cis
P2 ) 20 0 i 019 20 ) 20 0 20 0 7 13 cis
F o3 23 12 0 0 11 12 0 16 1 12 0 3 8 cis
L 18 11 4] i é 10 3 s} 7 11 0 7 0 cis




Genetic Determination of Host Modificationt

Table 12

line

1l

lines 28, 31, L7

Genotypes Under

Eypothesis 1
Lp locus with

Hypothesis Ila
fixed at Lp,

Hypothesis 1o
fixed at Lp in line 1,

alleles modified by Mp at Mp in other lines
Pheznotypes  Symbol Lp Lp Mp Lp Mp
lysogenic A + + r + r
sengitive® B git 8 8 8 8
sengitive c 5 8 r 8 r
lysogenick D e * 8 8 +
AXB None C, D C, D
BXC Hore Hone None
CXD None A, B A, B
AXD None None B and Lp*Mp®
EXPTL, RESULTS: Lines crossed Type A C D Gal char,
Expt. No, 1x 28 AGal"xB O L6 1 0 +
Jake) 18 0 0 -
CGal"xD 0 0 34 +
2 18 3 -
418 1x31 AGa~=xB 3 I3 26 1 No record
420 AGal~xB §h 22 28 12 Gal* only
h23 AGal“xB 8 2 1l 37 +
0 1 0 o] -
123 CxDGal~28 1 3 0  (and 28 Lpy")
Bor C
Wil CGal"xD 5 5 39 ¢ mostly Gal”
502 BGal“xC 0 15 13 0 +
c 13 68 0 -
Lh3 31x3t BxA 0 26 0 1
1468 1xh7 A x B Gal= 51 0 0 ) +
sca x3 § 1 1 3 :
9 al” x 7 1 9 +
521 i 0 0 2 -
528 BxCGl~ 0 13 17 0 +
o 8 2 0 -
529 CGal”xD 3 2 2 2 +
2 2 28 0 -
523 AGl"xD 8 0 0 52 +
37 0 0 19 -

F~ parent underlined,



Table 13
Genetic Control of the Semiresistant Phenotypess

Hon:'.;;réogenic (W=-2147) and Lysogenic (W-2172)

Part 1
Hypothesis I Bypothesis II
A new allele at Lp2: A 3rd locus, Lp3, is involved:
Phenotype symbol Lpy Lpo Example Ly Lps Lp3
A + 8 Type lysogenic + 8 8
B + r Immune-2 lysogenic + r 8
c + P W=2172 mutant + 8 P
D 8 8 Type sensitive 8 8 8
E g r Immne-2 s r s
F 8 D We2lli7 rutant 8 8 P
Bx ¥ Yields: B, ¥, E, C progeny Yields B, F, E, C, A, D
CxE " "
Regults: BxPF No. of Progeny CxE
A B C D 5 by A B c D E F
Mal® 55 1 1 1 0 1 22 2 1 26 0 1
Ma1" 0 &8 0 o 1 0 0 0 o o 59 0
Part II Linkage of Lp3 to Lpj--Gal and Lpo--Mal ?
No. of Progeny
Parents Mal* Lpy®  Mal' IpyT MalTIp®  Ma)” Iy
F ¥a1% x B Mal™ A 56 1 58
C Me1* x E Mal” 27 25 59 0
Mal’ Ipp,®  Mal® Ips®  Mal™ Lp,®  Mal™ Lpy®
F Mal* x B Mal® 59 1 0 59
C Ma1* x E Mal” 51 2 0 59
Mal® Lp3® Ma1l* Lp3P Mal” 1.p38 Mal® Lp3p
F Mal* x B Mal” 57 59
C Mal* x E Mal™ 50 2 50 0
C Gal* x D Gal” Gal* Lpy* Gal* Lp3® Gal- L;y* Gal= Lp®
60 4] 0 28
Gal* Lp38 Gal* Lp3P Gal~ Lp3! Gal™ Lp4P
37 23 37 26

The above data are consistent with the hypothesis that an Lpj locus separable
from Lpy and Lps modifies the reaction to
linked to Lpj--Gal or Lpp--Mal,

A-1 and

-2

This locus is not
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